
i 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ii 

 

 

International Conference on Advances in Electrical-Electronics Engineering 

and Computer Science 

9-10 November 2024, Ankara, Türkiye 

 

 

 

 

Typesetting 

Assoc. Prof. Dr. Turgut ÖZSEVEN 

 

 

 

Cover Design 

Assoc. Prof. Dr. Turgut ÖZSEVEN 

 

 

Editors 

Assoc. Prof. Dr. Turgut ÖZSEVEN 

 

 

 

ISBN: 978-625-95366-0-6 

 

 

 

 

Published by SETSCI 

Publication Date: November 11, 2024 



iii 

 

 

International Conference on Advances in Electrical-Electronics Engineering 

and Computer Science 

9-10 November 2024, Ankara, Türkiye 

 

CONTENTS 

Committee .................................................................................................................................................................. v 

Topics ........................................................................................................................................................................ vi 

 

Abstract Papers 

Performance Comparison of SQLite across Native and Cross-Platform Frameworks ................................................... 1 

 

Evaluating the Performance and Efficiency of Caching Algorithms in .NET Applications ........................................... 2 

 

Comparative Analysis of Change Detection Mechanisms in Modern Web Frameworks ............................................... 3 

 

Deep Learning-Based In-Store Customer Route Tendency Analysis ............................................................................ 4 

 

A Prototype Study on YOLOv10-Based Bird Gesture Recognition .............................................................................. 5 

 

Deep Learning Based Color and Style Transfer: A Review and Challenges ................................................................. 6 

 

AI Supported Adjustable Oven Rack ........................................................................................................................... 7 

 

Inverse Prediction of Alloy Composition Based on Physical Properties of Superalloys Modeled by the CALPHAD 

Methodology Using Explainable Artificial Intelligence ............................................................................................... 8 

 

Performance Analysis of Artificial Neural Networks in the Diagnosis of Thyroid Diseases.......................................... 9 

 

A Technological Approach to the Rockfall Problem .................................................................................................. 10 

 

Personal Health Data Breaches Increasing with the Proliferation of Digital Health Systems During the COVID-19 

Pandemic .................................................................................................................................................................. 11 

 

A New Design Bandpass Filter Working At 28 GHz For 5G Applications ................................................................. 12 

 

Full Papers 

 

The Impact of Electric Vehicles on The Grid ............................................................................................................... 1 

 

The Effects of Environmental Factors on Solar Power Plants: The Case of MEYSU Factory ....................................... 7 

 

DC Energy Technologies: The Key to A Sustainable Tomorrow? .............................................................................. 10 

 



iv 

 

Development of Machine Learning-Based Sales Cancellation/Return Forecasting Models for the E-Commerce    

Industry .................................................................................................................................................................... 17 

 

Analysis of Inrush Current Loads in Electric Motors in Low Temperature Tests ........................................................ 22 

 

Failure Mechanisms in Enclosed Electric Motors Due to Insufficient Cooling at High Temperatures ......................... 27 

 

Asynchronous Motor Driver PCB Design with MOSFET H Bridge ........................................................................... 32 

 

Hardware Development and Scale-up of Angular Motion Systems Using BNO055 Sensor and ESP32-WROOM-32 

Microcontroller to Measure the Speed of Angular Motion Systems ........................................................................... 37 

 

Enhancing Urban Parking Management with SSD-Based Satellite Detection Systems ............................................... 42 

 

The Importance of Bushing Connections in Transformers ......................................................................................... 47 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 

 

 

International Conference on Advances in Electrical-Electronics Engineering 

and Computer Science 

9-10 November 2024, Ankara, Türkiye 

 

Conference Chair 

Köksal Erentürk, Atatürk University, Türkiye 

 

Advisory Committee 

Ali Durmuş, Kayseri University, Türkiye 

  Muharrem Düğenci, Karabük University, Türkiye 

Oleksandr Laptiev, Taras Shevchenko National University of Kyivi, Ukraine 
Shahnaz N. Shahbazova, Azerbaijan State University of Economics, Azerbaijan 

  Tanupriya Choudhury, Graphic Era Deemed to be University, Dehradun, India 

Zafer Doğan, Tokat Gaziosmanpasa University, Türkiye 

 
 

Technical Committee Members 

Ahmet Nusret Toprak, Erciyes University, Türkiye 

 Aydın Çetin, Gazi University, Türkiye 

 Bahadır Akbal, Aksaray University, Türkiye 

 Bülent Turan, Tokat Gaziosmanpasa University, Türkiye 

 Canan Oral, Amasya University, Türkiye 

 Cem Emeksiz, Tokat Gaziosmanpasa University, Türkiye 

 Emine Gül Cansu Ergün, Başkent University, Türkiye 

 Ercan Karaköse, Kayseri University, Türkiye 

 Harun Sümbül, Ondokuz Mayıs University, Türkiye 

 Haydar Kaya, Karadeniz Technical University, Türkiye 

 Hilal Arslan, Ankara Yıldırım Beyazıt University, Türkiye 

 Hussain Falih Mahdi, University of Diyala, Iraq 

 Ivan Ganchev, University of Limerick, Ireland / University of 
Plovdiv “Paisii Hilendarski”, Bulgaria 

 İlker Yıldız, Bolu Abant İzzet Baysal University, Türkiye 

 İsmail İşeri, Ondokuz Mayıs University, Türkiye 

 Levent Gökrem, Tokat Gaziosmanpaşa University, Türkiye 

 Levent Seyfi, Konya Technical University, Türkiye 

Ljiljana Trajkovic, Simon Fraser University, Canada 

M. Gokhan Bakal, Abdullah Gül University, Türkiye 

Mahir Kaya, Tokat Gaziosmanpasa University, Türkiye 

Manuel G. Gericota, Polytechnic of Porto, Portugal 

Mehmet Akif Erişmiş, Necmettin Erbakan University, Türkiye 

Mehmet Bahadır Çetinkaya, Erciyes University, Türkiye 

Mete Çelik, Erciyes University, Türkiye 

Mohd Asyraf Kassim, Universiti Sains Malaysia, Malaysia 

Mustafa Şinasi Ayas, Karadeniz Technical University, Türkiye 

Ömür Şahin, Erciyes University, Türkiye 

Patrick Goh Kuan Lye, Universiti Sains Malaysia, Malaysia 

Rıfat Kurban, Abdullah Gül University, Türkiye 

Sachi Nandan Mohantey, Singhidunum University, Serbia 

Selami Parmaksızoğlu, Antalya Bilim University, Türkiye 

Selen Ayas, Karadeniz Technical University, Türkiye 

Serkan Şenkal, Tokat Gaziosmanpasa University, Türkiye 

Taner Çokyaşar, Tarsus University, Türkiye 

Secretary 

Sadık Önal, Tokat Gaziosmanpaşa University, Türkiye  

 
 

 

 

 

 



vi 

 

 

International Conference on Advances in Electrical-Electronics Engineering 

and Computer Science 

9-10 November 2024, Ankara, Türkiye 

 

TOPICS 
Track 1: Biomedical Engineering 

Track 2: Computer Science 

Track 3: Electrical Engineering 

Track 4: Electronic Engineering 

Track 5: Energy Systems Engineering 

Track 6: Mechatronic Engineering 

Track 7: Medical Engineering 

Track 8: AI Engineering 

Track 9: Software Engineering 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

International Conference on Advances in Electrical-Electronics Engineering 

and Computer Science 

9-10 November 2024, Ankara, Türkiye 

 

 

 

 

 

 

 

 

 

 

 

ABSTRACT PAPERS 
 

 

 

 

 

 

 

 

Published by SETSCI 

Publication Date: November 11, 2024 



 
International Conference on Advances in Electrical-Electronics 

Engineering and Computer Science 
9-10 November 2024, Radisson Blu Hotel, Ankara, Türkiye 

www.iceeecs.com 

 

Performance Comparison of SQLite across Native and Cross-Platform 
Frameworks 

Koray Liman 1+, Hüseyin Özkan 1*, Nadir Kocakır 1 and Cevat Balaban 1 

1Özdilek Ev Tekstil San. ve Tic. AŞ, Özveri Ar-Ge Merkezi, Bursa, Türkiye 
*Corresponding author: huseyin.ozkan@ozdilek.com.tr 

+Speaker: koray.liman@ozdilek.com.tr 
Presentation/Paper Type: Oral / Abstract 

 
 
Abstract – Mobile applications require high performance to stay competitive with emerging solutions, and database performance 
plays a critical role in this competition. This study analyzes the performance of the SQLite database across Flutter, Swift, and Kotlin 
by developing an application with identical functionality in all three languages and testing it on a range of iOS and Android devices, 
including both high-end and mid-range models. The tests cover table creation, data insertion, deletion, update, and retrieval 
operations. Results show that Swift achieved the best performance on iOS devices, while Kotlin led on Android devices. Although 
Flutter provides flexibility through cross-platform support, it lags behind native languages in terms of performance. The Swift-based 
application completed operations faster on high-end iOS devices, with slightly slower results on mid-range models. Kotlin 
demonstrated higher operation times than Swift on Android devices but outperformed Flutter. Overall, Flutter exhibited higher 
processing times across all devices compared to other languages. This study highlights the importance of careful programming 
language selection based on target platforms and performance needs. In conclusion, native languages are found to be more 
advantageous in terms of performance than cross-platform languages. 

Keywords –SQLite, Flutter, Swift, Kotlin, Performance Analysis
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+Speaker: hakan.akdogan@ozdilek.com.tr 
Presentation/Paper Type: Oral / Abstract 

 
 
Abstract – This study provides a comprehensive analysis of the performance and efficiency of various caching algorithms within 
the .NET environment. Specifically, it examines the LRU (Least Recently Used), LFU (Least Frequently Used), ARC (Adaptive 
Replacement Cache), FIFO (First-In-First-Out), and MRU (Most Recently Used) algorithms. These algorithms were manually 
implemented to ensure a fair comparison by eliminating any limitations that could arise from external libraries. The evaluation 
focused on key performance metrics such as speed, memory usage, and data retention times during Get and Put operations. The 
results showed that the FIFO algorithm offered the fastest data access performance. However, in applications where data retention 
times are crucial, the ARC algorithm was found to be more consistent and efficient. ARC combines the advantages of LRU and 
LFU, optimizing memory management and improving overall performance. Additionally, it was observed that algorithms like LFU 
and LRU consume more memory due to their counters, whereas ARC and FIFO operate with fixed memory usage. Based on these 
findings, ARC emerges as the most suitable option for complex applications that require efficient memory management, while FIFO 
is recommended for simpler structures where data retention time is not critical. The overall findings of this study provide valuable 
insights into how different caching algorithms can be effectively utilized in .NET projects to enhance performance. 

Keywords – .NET Caching Algorithms, Performance Optimization, ARC Algorithm, Memory Management, Data Retention 
Efficiency
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Abstract – Change detection is a critical feature in modern web development frameworks, influencing both performance and 
developer experience. This study provides a comprehensive analysis of the change detection mechanisms in Vue 3, React 18, and 
Angular 18, focusing on their reactivity systems and their impact on performance. Vue 3 utilizes a reactivity system with reactive 
objects and Proxies, allowing for efficient updates through automated rendering. React 18, on the other hand, relies on a Virtual 
DOM, enhancing user experience with its Concurrent Mode, which improves performance by prioritizing user interactions. Angular 
18 introduces a Zoneless Change Detection mechanism, offering fine-grained control over change detection without relying on 
Angular’s traditional NgZone. This study highlights the trade-offs between automation and manual control, particularly how 
Angular's approach allows for more precise performance tuning in complex applications, while Vue 3 and React 18 favor simplicity 
and ease of use in smaller or less complex projects. The findings suggest that framework choice should align with project 
requirements, balancing performance optimization and development simplicity. Ultimately, Angular’s Zoneless Change Detection 

is ideal for applications that demand granular control, whereas Vue and React are better suited for projects emphasizing faster 
development and ease of use. 

Keywords – Change Detection, Zoneless Change Detection, Reactivity System, Virtual DOM, Concurrent Mode
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Abstract – Customer behavior analysis plays a critical role in strategic decision-making within the retail sector, especially in 
optimizing store layout, product placement, and enhancing customer experience. To achieve this, a detailed examination of in-store 
movements is essential. In this study, an advanced route analysis system was designed to track and analyze the paths followed by 
customers entering from specific points and to evaluate these movements in percentage terms. Person detection is performed via 
cameras installed on the store ceiling, utilizing the YOLOX-Tiny algorithm, which ensures high performance even with low-
resolution images. The algorithm was trained on a hybrid dataset covering various scenarios, significantly enhancing system 
accuracy. The system operates by analyzing movements between predefined zones and entry points, offering detailed reports on 
which areas customers spend the most time, their directional tendencies, and how their in-store paths are formed. This analysis 
provides store management with valuable insights into customer preferences within the store, enabling data-driven strategic 
decisions. The system, which runs on low-cost and energy-efficient embedded platforms such as Jetson Nano, delivers high-
accuracy results with acceptable FPS rates. The flexibility and scalability of this solution make it applicable not only in retail but 
also in various industries where customer movement tracking is essential, such as shopping malls, airports, and large event venues. 

Keywords – Customer behavior analysis, in-store route analysis, YOLOX-Tiny algorithm, embedded platforms, strategic decision-
making
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Rıdvan Yayla 
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Presentation/Paper Type: Oral / Abstract 

 
Abstract – Birds are one of the most abundant types of creatures on Earth. However, it is also known that there are a large number 
of taxonomically diverse bird species in nature. The bird network has standard behavioural patterns such as flying, perching, feeding 
and walking. In this study, 2372 bird images are used for five standard bird gestures detection which are flying, perching, swimming, 
eating, and walking with the Yolov10 algorithm from Caltech-UCSD Birds-200-2011 dataset. Firstly, the dataset is prepared for 
detection by classifying these gestures. Secondly, the bird gesture images are trained with Yolov10, thirdly the trained model is 
tested with bird motion short videos and finally, the evaluation results are shown with evaluation metrics. In this prototype study, it 
was observed that the obtained model had results with accuracy higher than 70%. The study can be used to make sense of bird 
communication for future studies.   
 
Keywords – Bird gesture, target detection, classification, deep learning, Yolov10. 
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2 Department of Computer Engineering, Faculty of Engineering and Natural Sciences, Bursa Technical University, Bursa, Turkey 
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Abstract – Deep learning methods have been applied in many fields in recent years, and successful results have been obtained. 
Image processing is one of these areas. One of the image processing applications using deep learning is color and style transfer. 
Color and style transfer is aimed at transferring the color and texture from the source image to another image (the target image). In 
color transfer, the colors in the source image are transferred, while in style transfer, texture is transferred as well as color. In the 
literature, color transfer has been studied for many years, and traditional methods such as PCA have been used in addition to deep 
learning. On the other hand, studies on style transfer are relatively new and mostly use deep learning methods. In this study, color 
and style transfer studies in the literature were examined. The methods used in these studies are mentioned, and the current problems 
in this field are shared. 
 
Keywords – Color Transfer, Neural Style Transfer, Image Colorization, Image Recoloring, CNN. 
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 1Vestel Home Appliances, Technology Development Department, Manisa, Türkiye 

 
*Corresponding author: azizbasdemir@vestel.com.tr 

+Speaker: aziz.basdemir@vestel.com.tr 
 
 
Abstract  

 When early humans discovered fire, they developed various methods to cook food. These methods made food easier to digest, 
preserved its nutritional value, and eliminated harmful microorganisms. As a result, people began to consume cooked food more 
quickly and safely, which accelerated the evolution of cooking devices. 

With advancing technology, cooking devices have greatly improved the cooking experience, making it more convenient for users. 
In this context, camera-integrated, AI supported adjustable oven racks have become an essential technology for enhancing modern 
cooking experiences. These innovative systems ensure that food is cooked under the most optimal conditions, improving cooking 
quality and making the process easier for users. 

The main goal of this work is to continuously update the height and position of food placed in cooking devices during the cooking 
process, based on color changes detected through image processing. This helps achieve the optimal point in terms of health and 
eating comfort, while also using heat energy efficiently to ensure the best cooking process. 

To achieve these goals, the height of the oven rack inside the cooking device will be automatically adjusted according to the different 
stages of cooking. This ensures that the food is positioned under ideal cooking conditions throughout the process, increasing energy 
efficiency. The system's design includes a movable carrier system and components, integrated through 3D modeling. Necessary 
electromechanical optimizations have been made within the dynamic system, and the prototype has been produced and tested. 

 
Keywords –AI, Cooking Algorithm, Image Processing, Production, CAE, Optimization, Adjustable Oven Rack. 
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Inverse Prediction of Alloy Composition Based on Physical Properties of 
Superalloys Modeled by the CALPHAD Methodology Using Explainable 
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1 Hitit University, Department of Computer Engineering, Çorum,Türkiye  
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+Speaker: 4012640009@erciyes.edu.tr 

Presentation/Paper Type: Oral / Abstract 
 
 
Abstract – The CALPHAD methodology models the physical, mechanical, and thermodynamic properties of materials based on a 
given alloy composition using phase equilibrium calculations and thermodynamic databases. Millions of material data points can 
be obtained for each alloy composition determined through the CALPHAD approach, varying by temperature. However, finding an 
alloy with the desired properties requires manually changing the composition and involves time-consuming trial-and-error efforts.In 
this study, the aim is to find the chemical composition that provides the desired properties at a specific temperature by using the 
data obtained from the CALPHAD methodology to train artificial intelligence (AI). Accordingly, the physical properties (density, 
thermal conductivity, linear expansion percentage, Young's modulus, bulk modulus, shear modulus, and Poisson's ratio) of 250 
different Ni-Cr-Fe-based superalloys were modeled in the JMatPro software, covering the temperature range of 540-920°C. A 

dataset of 5000 rows was created from the obtained data, with 80% used to train the AI model and 20% reserved for the validation 
and testing phases. As a result of the analyses performed with Explainable Artificial Intelligence (XAI) and Artificial Neural 
Networks (ANNs), the alloy composition providing physical properties such as density, thermal conductivity, linear expansion, 
Young's modulus, bulk modulus, shear modulus, and Poisson's ratio at a specific temperature was predicted with high accuracy. In 
conclusion, in addition to obtaining material properties from alloy compositions using the CALPHAD approach, it has become 
possible to inversely predict the alloy composition with high accuracy for the desired physical properties at a specific temperature 
using AI techniques. 
 
Keywords – CALPHAD Methodology,Explainable Artificial Intelligence (XAI),Superalloys,Alloy Composition 
Prediction,Artificial Neural Networks (ANNs),Physical Properties Modeling
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Performance Analysis of Artificial Neural Networks in the 
Diagnosis of Thyroid Diseases 

Muhammet Cihat MUMCU1*, Ercan AYKUT 2+, Sena Nur BENLİ3, Kübra ERDOĞAN4, İzzet YAVUZ5 
1,2,5Electrics Program of Gelisim Vocational School, Istanbul Gelisim University, Istanbul, Türkiye  

3Computer Technologies Program of Gelisim Vocational School, Istanbul Gelisim University, Istanbul, Türkiye 
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Presentation/Paper Type: Oral / Abstract 

Abstract – The accurate and timely diagnosis of thyroid diseases is crucial for effective treatment and patient management. This 
study compares artificial neural networks (ANNs), specifically Multi-Layer Perceptron (MLP) and Radial Basis Function (RBF) 
networks, in the classification of thyroid diseases. A dataset of thyroid disorders from 2,800 patients was used to evaluate and 
compare the classification accuracy, sensitivity, specificity, and computational efficiency of these models. The dataset includes 
clinical parameters, such as hormone levels, required to distinguish between thyroid conditions. Model optimization involved 
analyzing the number of hidden layers and neurons. Cross-validation was applied to train and test the MLP and RBF networks, 
avoiding overfitting and improving generalization. 

Results indicate that both models achieve high classification accuracy, with differences in performance metrics. The MLP model, 
due to its deeper architecture, shows better generalization, while the RBF model exhibits faster convergence and higher sensitivity 
for certain thyroid disorders. The findings suggest that both ANN approaches have high accuracy in medical diagnosis and are 
suitable for automated healthcare systems. This study contributes to the literature on artificial neural networks in medical diagnostics 
and emphasizes the importance of selecting appropriate models for specific medical applications. 

Keywords – Artificial Neural Networks, Automated Healthcare Systems, Deep Learning. 
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A Technological Approach to the Rockfall Problem 
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2 Department of Computer Engineering, Faculty of Engineering, Artvin Çoruh University, Artvin, Türkiye 
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*Corresponding author: cagriaksu@artvin.edu.tr 
+Speaker: mustafasanlav10@gmail.com   

Presentation/Paper Type: Abstract 
 
 
Abstract – Rockfall incidents pose significant threats to life and property, especially in mountainous regions. This study presents 
a technological solution to the frequent rockfall issues on the road in Seyitler Village, Artvin. The primary objective is to develop 
an advanced early warning and monitoring system to prevent potential accidents caused by rockfalls and to enhance safety in the 
area. Two main systems have been designed for this purpose: an autonomous drone patrol system and an early warning system. 
The drone patrol system is designed to fly designated routes autonomously, capturing high-resolution images to detect rocks at 
risk of falling. These images are transmitted to a server via SSH (Secure Shell) and SCP (Secure Copy Protocol) and are analyzed 
by experts to pinpoint the locations of potentially hazardous rocks. This process allows for remote monitoring and a proactive 
approach to road safety, identifying risks before accidents occur. The semi-automated system is based on an Internet of Things 
(IoT) infrastructure, enabling local governments and disaster management units to monitor risks effectively and respond quickly 
to any incidents. The second component, the early warning system, consists of accelerometer sensors installed on rockfall 
protection barriers in high-risk areas, paired with ESP32 microcontrollers. These sensors detect vibrations, and if the vibrations 
exceed a certain threshold, the data is sent to warning lights positioned at the beginning and end of the road. The activation of 
these lights alerts drivers and pedestrians to potential danger, allowing them to evacuate the area. This early warning system is 
especially useful in situations where rock movements are triggered by factors like heavy rainfall, erosion, or sudden temperature 
changes. Wireless data communication supports the system, and solar panels power it, ensuring easy portability to various 
locations. The integration of IoT devices and autonomous flight technologies in these systems enables early detection of rockfall 
hazards and the activation of warning mechanisms during critical moments, offering a comprehensive and innovative solution. 
This cost-effective alternative to the high-priced monitoring and warning systems commonly found in the literature utilizes low-
cost, wireless communication-supported microcontrollers and sensor technologies, making the system reliable, accessible, and 
efficient. It serves as a model for high-risk road routes, particularly in Turkey’s mountainous regions. By using IoT devices, the 
system provides continuous monitoring of rockfall hazards, facilitating real-time data collection, analysis, and rapid assessment 
of risks. It is expected that this IoT-based solution could serve as a model in other areas facing similar risks, contributing to 
disaster management in an innovative and practical manner.  
 
Keywords – Internet of Things, Rockfall Problem, Drone, Rockfall Monitoring, Disaster Management
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Abstract – This study examines vulnerabilities in many countries. Based on case studies from Turkey, allegations of personal 
health data theft and misuse were investigated, and the impact of these breaches on individuals’ privacy was analyzed. 

Furthermore, within the framework of regulations such as the Personal Data Protection Law (KVKK) and the General Data 
Protection Regulation (GDPR), the legal measures aimed at preventing such breaches and the legal rights of citizens were 
discussed. The technical and legal measures that can be taken to minimize the impact of data breaches were also explored while 
emphasizing the responsibilities that individuals and institutions should assume during this process. The study concludes by 
emphasizing the importance of protecting personal health data during crises like COVID-19 and the necessity of increasing 
awareness-raising activities on this issue, supported by recommendations. 
 
Keywords – Personal health data, COVID-19 data breaches, Data Security, GDPR, Privacy during the pandemic 
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Abstract - With advancing technology, people's demand for faster and more reliable communication is increasing. In order to meet 
these, there are important studies on the structures used in 5G applications. In this study, a new band-pass filter design and results 
that allow signal transmission at 28 GHz frequency were observed. The structure of the filter consists of parallel coupled structures 
and step impedance structure. In order to get results at the desired frequency, a defected ground structure was applied. With this 
structure, both frequency shift and our reflected signal ratio value were improved. It was designed to show efficient results at high 
frequencies such as 28 GHz. Rogers 5880 substrate material, which shows quality performance at high frequencies, was preferred 
in the filter design. The dimensions of the structure were designed as 18 x 14 𝑚𝑚2 and 1.27 mm in height in order to be compact. 
Since the filter has a symmetrical structure, the structure shows the same results on both sides. The filter, whose calculations and 
discrete element design were made in the ADS program, was drawn in 3D in the CST program and the results were obtained. 
According to the program analysis results, a return loss ratio of -50 dB (S11) and an insertion loss of -3 dB (S21) were obtained at 
a bandwidth of 1.26 GHz and a center frequency of 28 GHz. The filter operates efficiently at these values. It is thought that the 
results obtained will be an important step for new designs in 5G technology. 
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The Impact of Electric Vehicles on The Grid 
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Abstract – The unlimited nature of consumption and needs contrasts with the scarcity of usable resources, necessitating the 
optimal use of available resources. Alongside the careful protection of the environment and human health, it is crucial to meet 
needs with maximum efficiency. With the aid of measuring instruments and sensors added to traditional grids, grids are becoming 
smart, allowing for rapid resolution of system failures, security issues, losses, and requirements through detection, monitoring, 
and control. The quick and minimal-error communication between grid elements is of great importance. This paper aims to raise 
awareness about the economic benefits for the grid and users through a V2G (Vehicle-to-Grid) technology simulation, focusing 
on the advantages and disadvantages of using V2G technology, ensuring that the energy needs between the producer and 
consumer are met promptly and adequately without any system disruption within a smart grid infrastructure aided by 5G 
communication technology.   
 
Keywords – EV, Electric vehicle, V2G, G2V, 5G  
 

I. INTRODUCTION 
Due to environmental pollution, global warming, dwindling 

fossil fuel reserves, and rising prices, the search for alternative 
energy sources has intensified, particularly in vehicles where 
electricity is increasingly used in place of petroleum and 
derivative fuels. Electric vehicles (EVs) offer advantages such 
as zero exhaust emissions, quiet operation, and lower energy 
consumption compared to internal combustion engines. 
However, they face disadvantages like range anxiety, high 
costs, battery technology issues, and insufficient charging 
stations. 

According to the International Energy Agency (IEA), the 
stock and sales of EVs worldwide have been gaining 
dominance in the automotive sector. The EV stock exceeded 
40 million in 2023, with sales surpassing 16 million in 2024, 
leading to a rise in both fast and slow charging stations. [1], 
[2], [3], [4]   

The IEA's Global EV Outlook 2024 report predicts that by 
2030, the number of charging points will exceed 15 million, 
with electricity consumption from EVs making up 8.1% of 
final electricity consumption, up from 0.5% in 2023. The EV 
fleet is expected to displace 6 million barrels per day (mb/d) 
of diesel and gasoline by 2030. [5] 

The concept of EVs exchanging power with the grid first 
emerged in 1997 through the work of Kempton and Letendre 
[6], who coined the terms G2V (Grid-to-Vehicle) for charging 
and V2G (Vehicle-to-Grid) for discharging, investigating the 
economic potential of energy flow. The increasing number of 
EVs, technological advancements in smart grids, and daily 
fluctuations in energy demands drive this change. Price 
fluctuations in energy due to these daily variations allow EV 
owners to charge at lower costs and profit during peak demand 
times. Thus, EVs can act both as energy consumers and 
distributed storage devices, supporting the grid. 

The increasing number of electric vehicles and their 
simultaneous charging as distributed loads on the grid during 
the day necessitate alternative studies to prevent significant 

grid imbalances. These studies include literature reviews 
compiling academic research on G2V (Grid-to-Vehicle) and 
V2G (Vehicle-to-Grid) Technologies [7], [8], [9], [10], [11], 
[12], [13], steps to be taken for the development of V2G 
technology, including policy regulations [14], research aimed 
at resolving the range issue of electric vehicles, efforts to 
shorten charging times, studies on the criteria for selecting the 
locations of charging stations, advances in battery technology, 
research on the electric motors used in electric vehicles, 
studies on the microprocessors found in electric vehicles and 
charging stations, V2G studies focusing on the supportive 
impact of electric vehicles on the grid, instead of being a load, 
and the economic gains for the electric vehicle user, 
advantages in the energy system and disadvantages in the case 
of unplanned charging [15],  [16], [17], [18], [19], [20], [21], 
[22], [23], [24], [25], [26], [27], [28], [29], [30], [31], [32], 
[33], [34], implemetations of V2G  technology [35], [36] etc. 
These areas of research have collectively inspired many 
dimensions of electric vehicle technology. 

Although the electronic equipment in electric vehicles 
causes some issues in the grid, there are also solutions to these 
problems. The power electronics equipment in electric 
vehicles, the charging times, the differences in power values, 
and the uncertainties in the charging locations affect the 
stability of the power system. If electric vehicles are charged 
by drawing power from the grid in an unplanned manner, it 
causes instability in the grid voltage. To eliminate this negative 
effect, the location and power of electric charging stations 
should be planned considering the total load profile in the 
network structure of the energy grid. The excess/deficiency in 
the power drawn from the grid and the amount of energy 
produced in the system causes deviations in the grid frequency. 
If more power is needed than the existing energy supply in the 
grid, there will be a drop in grid frequency; if more energy is 
supplied than the demanded power, there will be an increase 
in grid frequency. Small-scale fluctuations occur in the grid 
due to changes in the energy consumption/production values 

https://doi.org/10.36287/setsci.19.1.001
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of electric vehicles and the amount of energy produced in the 
grid. If these fluctuations are not controlled, they may cause 
aging in the units of the energy system, leading to sudden 
outages in the grid. Planned control charging and strategies for 
load management should be developed against such adverse 
effects. 

Electric vehicles and charging stations contain a lot of 
electronics. The electronic equipment gives electric vehicles 
and charging stations a nonlinear characteristic, causing 
harmonics in the current drawn from the grid. Current 
harmonics lead to overheating of components/equipment in 
electric vehicles and charging stations and reduce their 
lifespan. When electric vehicles draw power from the grid, the 
main voltage drops, and disconnecting them causes a voltage 
rise. This situation damages circuit equipment. When electric 
vehicles are loaded on a single phase of the grid, unbalanced 
loading occurs. This causes different amplitude values in the 
three phases of the grid, leading to overheating of protective 
equipment on the phases. Wide-area controls should be 
implemented in the grid against such adverse effects, and 
harmonic filtering systems should be used. Many electric 
vehicles connected to the grid as a load will require additional 
power from the grid, necessitating extra energy production. 
This situation will lead to overloading of system connection 
elements and a reduction in transformer lifespan. Load 
management strategies should be developed against such 
adverse effects, coordinated charging applications should be 
established, and distributed charging systems should be 
created in the grid. 

Electric vehicles also provide positive contributions to the 
grid. The amount of energy drawn from the grid varies 
throughout the day. With energy management, the energy 
demand that may occur during high peak times can be spread 
over time, thus managing the grid loads, supporting renewable 
energy sources, increasing energy efficiency, improving the 
system power factor, and achieving energy savings. The stored 
energy in electric vehicles can be supplied to the grid during 
high demand times and they can be charged when the demand 
is low. When there is an energy flow as a fleet of vehicles, it 
will have a relieving effect on the grid. This also contributes to 
the efficient use of energy. Balancing supply and demand will 
support keeping the grid frequency stable. The integration of 
electric vehicles into the grid, with filtering and reactive power 
compensation circuit elements for improving harmonics and 
power factor, contributes to improving the power quality of the 
grid. 

Electric vehicles integrated into the grid both in V2G 
(discharge mode) and G2V (charge mode) situations assist the 
grid as both producers and consumers. Energy planning can be 
done by processing the data obtained from electric vehicles 
and the grid through the network. Assigning the electric 
vehicle as a production unit like an energy storage unit when 
consumption is high and as a grid load when energy demand 
is low can support grid stability. The planning should consider 
the times when the electric vehicle will be used for driving, the 
amount of energy it will consume, its waiting times in parking 
areas, and its charging status while parked. 

II. MATERIALS AND METHOD 

A. 5G SYSTEM PERFORMANCE 
The development process in 5G communication has 

culminated with the works of Claude E. Shannon (Shannon 

Theory), Robert G. Gallager (Low-Density Parity-Check 
Code), and most recently Erdal Arıkan (Polar Coding). The 

transition to 5G was achieved through the test studies 
conducted in the laboratory environment by Erdal Arıkan 

related to polar coding. 
Polar coding is an algorithm that ensures secure and fast data 

transmission in a noisy environment. It significantly enhances 
5G communication performance by minimizing the losses 
experienced in communication due to noise. [37] 

 
Fig. 1 5G Communication Topology 
 

In 5G communication, the data in bits transmitted by the 
sender is first encrypted through polar coding to ensure it is 
sent with minimal errors and then passed on to modulation. 
With modulation, the data is superimposed on a much higher 
frequency carrier signal to be sent over long distances. 
Subsequently, noise that may exist in the environment is 
introduced into the process, and demodulation is performed in 
the channel to remove the modulation. Finally, the encrypted 
data is decrypted and the final data is transmitted to the 
receiver. (Figure 1) 

A simulation study was conducted in MATLAB to analyze 
the performance of data flow with polar coding. The data (A) 
entering polar coding, when following the flow shown in 
Figure 2, was analyzed in terms of the variation in SNR (dB) 
noise value depending on the R=K/E ratio, both in the 
downlink and uplink directions. The R=K/E ratio was 
examined separately for downlink and uplink directions, 
increasing from approximately 0 to 1 in increments of 0.05, 
and the data flows were analyzed individually. 

In the downlink and uplink directions, the value A was kept 
as a fixed bit value with intermittent increments. In the 
downlink direction, a 24-bit CRC was added, and in the uplink 
direction, an 11-bit CRC was added to form the K value. The 
E value was adjusted based on the increase in the R value. The 
N polar code value was kept constant at 128. The SNR (dB) 
noise value exhibited a logarithmic change, ranging from 
approximately -13 to +3.8. (Graph 1) 
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Table 1. 5G Communication Performance 
 
 
 
 
 
 
 
 
 

Graph 1. SNR (dB) – K/E Change 
 

B. V2G Analysis 
An electric vehicle integrated into the grid with V2G 

(discharge mode) and G2V (charge mode) can act as both a 
producer and a consumer. During the day, it can draw energy 
from or supply energy to the grid depending on the energy 
prices in the electricity market and the supply/demand of 
energy. In situations where energy demand is low and energy 
prices are low during the day, it acts as a consumer in G2V 
(charge mode). When energy demand is high and energy prices 
are high, it supplies the energy stored in its battery to the grid 
in V2G (discharge mode). To visualize the contribution of 
electric vehicles to the grid in V2G (discharge mode) and the 
load they create in G2V (charge mode), a simulation was 
created using MATLAB Simulink by modeling a section of the 
grid. The system analysis was carried out based on the number 
of vehicles at the charging station. The analyzed section of the 
grid consists of five parts. In a 60Hz system, a 15MW diesel 
power plant acts as the central power station, and the energy 
needed by the grid is supplied by a 4.5MW wind power plant 
(WPP) and an 8MW solar power plant (SPP) as renewable 
energy sources that support the central power station. On the 
energy consumption side, there is a residential load of 10MW 
with a power factor of 0.15, an industrial load of 0.16 MVA, 
and a total electric vehicle load of 8MW with 200 vehicles 
(200*0.4MW). The analysis was performed using MATLAB 
Simulink (Figure 2).  

 

 

 

 

 

 

 

 

 

 

 

 

To reflect reality, the electric vehicles were divided into 10 
charging stations with a variable number of vehicles at each 
station (Figure 3). 

 
Fig. 2 Sampled System 
 

In the analysis, the WPP and SPP data were based on daily 
meteorological data (wind speed, humidity, sunlight angle, 
sunlight duration, etc.), and the amount of energy they could 
produce hourly over 24 hours was considered constant. In this 
system example, the diesel power plant acts as the central 
power station, meeting demand with energy production data 
that varies according to the user's consumption data at hourly 
intervals throughout the day. The analysis compared the diesel 
power plant's production data based on the electric vehicle 
consumption data, assuming the WPP, SPP, residential load, 
and industrial load were fixed variables. In the analysis, for 
200 vehicles across 10 charging stations: in case 1, with 60 
vehicles charging (30%) and 140 vehicles feeding the grid 
(70%); in case 2, with 120 vehicles charging (60%) and 80 
vehicles feeding the grid (40%); and in case 3, with 180 
vehicles charging (90%) and 20 vehicles feeding the grid 
(10%), it was observed that electric vehicles functioned as both 
consumers and energy storage units at varying times of the 
day. They were able to trade energy by taking advantage of 
fluctuating energy prices and could contribute to central power 
plants and renewable energy production sources during times 
of high demand. The most important assumption in the 

  DL (DOWNLINK)  CRC=24 (A+CRC=K) UL (UPLINK)  CRC=11 (A+CRC=K) 
A N K E K/E SNR (dB) BLER BER K E K/E SNR (dB) BLER BER 
24 128 48 2400 0 -13,179 0 0 35 1750 0 -13,179 0 0 
26 128 50 1000 0,1 -9,2 0 0 37 740 0,1 -9,2 0 0 
28 128 52 520 0,1 -6,1897 0 0 39 390 0,1 -6,1897 0 0 
30 128 54 360 0,2 -4,4288 0 0 41 272 0,2 -4,4076 0,1 0,033 
32 128 56 280 0,2 -3,1794 0 0 43 216 0,2 -3,1996 0 0 
34 128 58 232 0,3 -2,2103 0 0 45 180 0,3 -2,2103 0,2 0,094 
36 128 60 200 0,3 -1,4185 0,1 0,058 47 158 0,3 -1,4553 0,1 0,039 
38 128 62 178 0,3 -0,77 0 0 49 140 0,4 -0,749 0 0 
40 128 64 160 0,4 -0,1691 0,1 0,038 51 126 0,4 -0,1177 0,1 0,058 
42 128 66 146 0,5 0,09069 0,2 0,05 53 118 0,4 0,33424 0,1 0,038 
44 128 68 136 0,5 0,8 0,3 0,091 55 110 0,5 0,8 0,1 0,05 
46 128 70 128 0,5 1,1892 0,3 0,117 57 104 0,5 1,1987 0,1 0,046 
48 128 72 120 0,6 1,5918 0,3 0,121 59 98 0,6 1,6066 0,4 0,196 
50 128 74 114 0,6 1,9336 0,5 0,142 61 94 0,6 1,9323 0,3 0,072 
52 128 76 110 0,7 2,2045 0,4 0,14 63 90 0,7 2,2613 0,4 0,131 
54 128 78 104 0,8 2,5609 0,1 0,044 65 86 0,8 2,5944 0,6 0,219 
56 128 80 100 0,8 2,8412 0,8 0,273 67 84 0,8 2,8283 0,5 0,188 
58 128 82 96 0,9 3,1257 0,9 0,397 69 82 0,8 3,0607 0,7 0,181 
60 128 84 94 0,9 3,3218 0,8 0,28 71 80 0,9 3,292 0,9 0,288 
63 128 87 92 0,9 3,5676 0,9 0,357 74 78 0,9 3,5817 0,9 0,232 
65 128 89 90 1 3,7618 1 0,282 76 76 1 3,8103 0,9 0,242 
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analysis was that a communication network and infrastructure 
based on 5G technology existed, the electric vehicles had G2V 
and V2G capabilities, and the sampled grid section was part of 
a smart grid connection. 

 
 

 
Fig. 3 Electric Vehicles Connected to Charging Stations 
 

  

1. CASE                          
(%30 C / 
70% D) 

2. CASE                            
(%60 C / 
40% D) 

3. CASE                                 
(%90 C / 
10% D) 

CHARGING 
STATION G2V V2G G2V V2G G2V V2G 

1. 21 0 42 0 63 0 
2. 15 0 30 0 45 0 
3. 6 0 12 0 18 0 
4. 12 0 24 0 36 0 
5. 6 0 12 0 18 0 
6. 0 49 0 28 0 7 
7. 0 35 0 20 0 5 
8. 0 14 0 8 0 2 
9. 0 28 0 16 0 4 
10. 0 14 0 8 0 2 

TOTAL 60 140 120 80 180 20 
Table 2. Vehicles in V2G – G2V Charging Stations for  
Three Scenarios 

 
The change in total power drawn from the grid by the diesel 

power plant, wind power plant, solar power plant, and electric 
vehicles was monitored for the three different scenarios. 

 
 
 
 
 
 
 
 
 

Graph 2. Diesel Power Plant Energy Production 
 
 

 
 
 
 
 
 
 

Graph 3. WPP Energy Production 
 

In scenarios with 30% G2V – 70% V2G (1st case), 60% G2V 
– 40% V2G (2nd case), and 90% G2V – 10% V2G (3rd case), 
it was observed that the diesel power plant worked harder to 
meet the demand in the grid when the number of vehicles 

drawing energy for charging increased. Conversely, when the 
number of vehicles feeding the grid in V2G mode increased, 
the diesel power plant operated to meet the lower demand in 
the grid (Graph 2). 

 
 
 
 
 
 
 
 
 
 
Graph 4. SPP Energy Production 
 
 
 
 
 
 
 
 
 
 
Graph 5. EV Cumulative Impact 
 

Since the meteorological data was assumed to be constant in 
all three scenarios, there was no change in the energy 
production of the wind power plant and solar power plant over 
24 hours (Graph 3) (Graph 4). 

In all three scenarios, when the cumulative effect of the G2V 
and V2G modes of the electric vehicles on the total energy 
drawn from the grid was monitored, an increase in the total 
energy drawn from the grid was observed as the number of 
charging vehicles increased (Graph 5). 

III. RESULTS 
In the analysis study, considering the impact of electric 
vehicles on the grid in G2V and V2G modes, depending on the 
vehicle density at charging stations, an interpretation based on 
the pricing mechanism in the energy market during the day 
will help better understand the decision-making process of an 
electric vehicle as a producer/consumer. Here, the decision is 
influenced not only by energy market pricing but also by the 
equipment and features of the electric vehicle, and most 
importantly, by the battery's aging characteristics in G2V and 
V2G modes, as well as the vehicle's usage during the day. 
Therefore, it is necessary to examine the cumulative effect of 
the owner's preferences and the renewal of the vehicle's 
equipment by including detailed variables such as these in the 
process. 

IV. DISCUSSION 
Energy Market Operations Inc. (EPİAŞ) data has been used to 

make interpretations based on the daily market pricing in the 
energy market, disregarding the detailed variables affecting 
the choice. 

Through the "Transparency Platform" created by EPİAŞ, it 

is possible to access the pricing curves formed in the energy 
market on daily, weekly, monthly, and yearly bases. Here, the 
pricing curve formed during the day is in TL/MWh based on 
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the weighted average price. Graph 6 shows the pricing curve 
that occurred on 30.07.2024. 

 
Graph 6. EPİAŞ GIP (Intraday Market) Weighted Average Price on 30.07.2024 
 

According to EPİAŞ data on 30.07.2024, an electric vehicle 
can achieve a high profit in V2G (discharge mode) at an energy 
price peak of 2,955 TL/MWh (at the hours of 00:00-01:00-
18:00-19:00-20:00-21:00), while it can benefit from low prices 
in G2V (charge mode) at an energy price range of 1,411 
TL/MWh - 1,441 TL/MWh (at the hours of 07:00-12:00). 
Assuming the highest and lowest pricing and that the electric 
vehicle returns to a charged state once, a profit of 1,544 
TL/MWh (2,955-1,411) can be achieved. If this situation is 
repeated twice during the day (charge-discharge), the profit 
can be doubled. 

V. CONCLUSION 
With globalization and technological developments, electricity 
consumption and the number of electricity consumers have 
increased. Environmental needs are as indispensable in life as 
energy needs. Environmental concerns and the depletion of 
energy resources have led countries to develop strategies 
focused on renewable energy sources and maximizing the 
efficiency of the energy produced. In this direction, academic 
studies that support each other and pave the way for future 
research have been guiding. 

Technological advancements in charging technologies, 
battery capacity and sizes, maximum range at full charge, 
charging time, and easy access to charging stations will 
contribute to the increasing market share of electric vehicles. 
Additionally, electric vehicles will help reduce environmental 
pollution by replacing internal combustion engines. 

Within the scope of this study, the potential negative impacts 
of V2G technology on the grid, as well as proposed solutions, 
and the contributions of V2G technology to the grid and 
vehicle owners, have been emphasized. Through simulations, 
the contribution that vehicles equipped with V2G technology 
can make to the economy and meeting energy demand while 
remaining idle at charging stations has been demonstrated in a 
case study. 

V2G technology, smart grids, and 5G communication are 
systems open to development that support each other. Each 
stage of development in these systems will support 
employment processes and provide different types of 
employment opportunities. The most significant development 
will be the efficient use of energy, where individuals who are 
consumers within the energy system during the day will 
support the grid as energy producers, leading to the 
consumption of fewer fossil-based energy sources by central 

power stations. Another important development is that 
consumers will be able to cover their transportation costs more 
cheaply by taking advantage of low energy prices at different 
times of the day. 
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